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ABSTRACT
The organophosphorus insecticide azinphosmethyl, sold com­
mercially as Guthioi^, has been used in Louisiana for several years to 
control the sugarcane borer, Diatraea saccharalis (F.), which is the 
major economic pest of this crop.
The amount of azinphosmethyl accumulating in sugarcane prior
to and during harvesting, and the amount of degradation in sugarcane 
products during processing has not been determined. Therefore, this 
investigation was designed to (1) develop an accurate, rapid and 
reliable method for the qualitative and quantitative analysis of azin­
phosmethyl, and (2) to use this analytical procedure to measure the 
degradation and distribution of this insecticide in the products 
obtained during the processing of sugarcane.
To accomplish these objectives, a surface extraction technique 
with benzene was developed to extract the pesticide from samples of 
first juice, clarified juice, sirup, molasses, raw and refined sugar 
and analyze the extract for azinphosmethyl residues. After a satisfac­
tory extraction method was developed, the following gas chromatography 
instruments were used to compare the accuracy and effectiveness of 
detection: (1) GC Perkin-Elmer Model 3920 with Nitrogen-Phosphorus
Thermoionic detector, (2) GC Tracor MT 220 with Electron Capture 
detector and (3) GC Tracor MT 222 with Flame Photometric detector.
The Flame Photometric detector of the GC Tracor MT 222 proved
viii
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to be the best instrument for azinphosmethyl analysis, because no pre­
liminary cleaning of the samples was required when using this detector. 
The method developed for extraction of the insecticide was approximately 
90-92 percent effective in the recovery of the insecticide from samples 
of raw and refined sugar that had been fortified with 2 ppm of azin­
phosmethyl .
Raw sugar samples of the 1976 season indicated the presence of 
traces of azinphosmethyl residues. Therefore, samples were collected 
during 1977 from the Cinelare sugar mill at Brusly, Louisiana, so that 
studies in the distribution and thermal degradation of the insecticide 
could be performed during the sugarcane processing.
Four replicate samples of first juice, clarified juice, sirup, 
molasses and raw sugar were collected once a week for five weeks, 
extracted, and analyzed for residues.
Although analytical results showed residues of azinphosmethyl 
ranging from 0 to 0.50 ppb in the first juice, the pesticide was 
significantly degraded as the process continued. It was apparent that 
the high temperatures used in the clarification and concentration of 
the juice significantly destroyed the pesticide residue.
Analysis of Variance for the data obtained in the randomized 
block design indicated significant differences in azinphosmethyl 
residues between the various steps of the sugarcane processing. Sig­
nificant differences were found in samples collected on 10/13/77 and 
10/19/77 probability 0.05. Highly significant differences were found 
in samples collected on 10/25/77 probability 0.01. When the Orthogonal 
comparisons were made, the results of the analysis indicated a highly 
significant reduction of azinphosmethyl (probability 0.01) from
the first juice toward the end of the process.
Traces of residues were found in molasses samples, but no residue 
was detected in raw sugar collected during the 1977 season. Refined 
sugar obtained from a local supermarket did not contain any residue of 
azinphosmethyl.
INTRODUCTION
When considering current food production practices, and those 
envisioned for the near future, we must accept the fact that minimum 
quantities of pesticides and other chemical residues are likely to 
be present in our foods, especially if we are to continue our efforts 
to maintain or increase the world's food supply. Therefore, food can 
serve as a continual source of hazardous chemical residues, and will 
accumulate in the human body if their intake is not limited.
The United States Food and Drug Administration (USFDA) 
exercises control of pesticide residues in foods, because their pres­
ence can be toxic or carcinogenic to man and animals. No legal action 
will be taken against a processed food if residues are within tolerance, 
or if the compounds are adequately removed by good manufacturing 
practices. The intentional removal of pesticides and their degradation 
products necessitates processing techniques deliberately designded for 
this purpose.
The insecticide azinphosmethyl, has been used in Louisiana to 
control the sugarcane borer, a major pest of sugarcane. Azinphosmethyl 
is a nonsystemic insecticide effective as a stomach or contact poison 
and therefore is used primarily as a foliar application.
Residue levels in the crop are dependent on a number of factors 
such as rate and frequency of application, nature of the plant surface, 
and weather conditions.
1
2Since cane sugar is important in our diets, studies will be 
conducted to establish an accurate, rapid and reliable method for resi­
due analysis of azinphosmethyl. Upon completing the analytical proce­
dure, the amount of degradation of the insecticide in the first juice, 
clarified juice, sirup, molasses, raw sugar and refined sugar will be 
studied, as well as its distribution during processing.
LITERATURE REVIEW
A. IMPORTANCE OF PESTICIDE RESIDUES IN FOOD
History
Unintentional residues of pesticides in food, whether demon­
strably harmful or not, are universally condemmed. Their significance 
lies not merely in aesthetics or even in their direct toxicity, but 
also in their still unknown long-term pharmacological effects, notably 
the biological concentration of certain compounds which are trapped 
by lipids and are stored in the fatty tissues of consuming organisms 
(Dale and Quinby, 1965).
The need for increased food production and control of disease 
vectors brought about a major development in the area of pest control 
in the 1940's. Even though DDT was first synthesized in 1874, its 
insecticidal properties were not discovered until 1939, and the first 
blanket application was made in 1944 to combat typhus in Naples, Italy. 
Since then, there has been a great effort to prepare compounds which 
would be effective against various pests, as can be judged by the 
number of pesticides presently registered (Martin, 1971, Neumeyer et. 
al. 1969a, Neumeyer et al. 1969b).
Edwards (1973) stated that the era of synthetic pesticides 
began about 1940. These chemicals were so successful in controling 
pests that there was an extremely rapid and general adoption of them 
and development of new ones. This has progressed so rapidly, that
3
4today about 1,000 pesticide chemicals are in common use around the 
world, of which about 250 are commonly used in agriculture, including 
about 100 insecticides and acaricides, 50 herbicides, 50 fungicides,
20 nematicides and 30 other chemicals. He also said that only a few 
of these chemicals persist for more than a few weeks or at the most 
months, in soil or water, and of those that do, most are the organo- 
chlorine insecticides, which include aldrin, dieldrin, chlordane, 
dicofol, endosulfan, endrin, lindane, DDT, heptachlor and toxaphene.
Public concern about pesticide contamination only became 
apparent in 1962 after the publication of "Silent Spring" by the late 
biologist Rachael Carson. This concern has generated a large number 
of studies in all aspects of pesticide research, including the possible 
effects of pesticides residue in food and feed (Johnson, 1968, Tweedy 
and Dehertogh, 1968).
The complexity of some of the problems faced by the residue 
chemist has been documented by Benson (1969). The pesticide chemist 
is further burdened by the variety of sectors to be examined, e.g., 
water, soil, food and feed, fish, wildlife and even human beings.
Even foods and beverages, which are regulated, may contain 
dangerously unsafe residues. "Tolerances" for residues considered 
harmless are set by the Food and Drug Administration, generally at 
l/100th of the smallest amount known to cause effects in the most 
sensitive test animals. For any compound considered too toxic to be 
allowed in any amount, the FDA sets a zero tolerance (Harmer, 1972).
During the last few years, surveys of the amounts of pesticides 
occurring in human diets have been made in the United States, Great
Britain, Canada, and other countries. Some earliest investigations by 
Robinson and McGill (1966), studied the amounts of pesticides in 
complete prepared meals, but more recent ones have examined random 
samples of foods offered for sale to the public (Abbot et al., 1969). 
These are termed "total diet studies" and have been defined by FAO/WHO 
as "studies designed to show the pattern of pesticide residue intake 
by a person consuming a typical diet".
Duggan (1968) studied residues in food in the United States 
between 1963 and 1967, examining 25,000 samples annually based on 
market-basket samples. Corneliussen (1969) based his studies from 1967 
to 1968 on samples collected from 30 markets in 27 cities, and dis­
cussed regional differences. In Great Britain, Abbot et al. (1969) 
used 20 colleges which supplies samples of the food, for analysis for 
their survey.
The most frequently detected residues in all the surveys were 
DDT, dieldrin, and BHC, and in all food groups the residues of DDT, 
and related compounds, tended to exceed the total of all of the resi­
dues which occurred. The foods which contained the greatest amounts 
of residues were the fats group with the second largest residues in 
the meats group. These results are not surprising in view of the 
lipophilic nature of these chlorinated hydrocarbon insecticides which 
are concentrated into animal tissues.
There appeared to be only small differences in the amounts of 
residues in food in the United States between the two surveys; if 
anything, there was a slight increase in the amounts occurring in the 
more recent survey. There were considerable discrepancies between the 
residues which occurred in the United States and those from Great
Britain. No traces of heptachlor, endrin, and toxaphene were found 
in British food, whereas they were quite common in food samples in the 
United States, more being found in the more recent survey than in the 
earlier one. This can be related to the differential usage of these 
insecticides in the two countries. In Great Britain, the smallest 
residues were found in milk, but in the United States the second largest 
residues occurred in milk and dairy products; this is hard to explain.
SOURCE OF RESIDUES
Residues in food and feed may originate from accidental or 
incidental contamination, as from spillage, from pesticides in adher­
ing particles of treated soil, by volatilization of pesticides from 
treated soils, or from dust or sprays carried by wind. Weatters and 
Grussendorf (1969), showed experimentally that organochlorine insecti­
cide deposits on the surface of storage buildings might be a source of 
residues in grains, directly or even by diffusion. However, residues 
result most often from deliberate treatments.
Duggan (1968) stated that pesticides residues in food plants 
are due to external and internal treatments. External treatments are 
those applied to growing plants or to harvested or processed plant 
products. The residues that result are nearly always unintentional 
and are confined to a comparatively few persistent and stable com­
pounds, which occur in all three major groups of insecticides. Effic­
ient and sensitive analytical methods have shown where the danger lies.
Duggan in the same study said that internal treatments are 
systemic. The pesticide is applied to living plants, sometimes directly 
to the surface of the plants from which the pesticide is absorbed,
7diffused and translocated. Translocation and distribution of compounds 
absorbed through leaves tends to be inefficient, because new and apical 
growth is not protected from pests, but the method has the advantage 
of avoiding accumulation of toxins in fruits. Most often, systemic 
products are applied to the soil, from where they are absorbed by the 
roots and readily translocated upwards. Slow absorption of nearly 
insoluble or slightly soluble compounds, such as disulfoton and aldi- 
carb, leads to efficient translocation and distribution of the effective 
toxins throughout the plant for comparatively long periods.
Edwards (1966) stated that systemic pesticides are regarded by 
the public with interest and suspicion: interest because they promise 
freedom from the persistent organochlorine compounds; suspicion because 
all residues are mistrusted and because the metabolites sometimes 
exceed the parent materials in mammalian toxicity.
A few organochlorine and organocarbamate insecticides are feebly 
systemic. These are absorbed by roots or leaves, metabolized, and trans­
located in non-insecticida1 amounts, to leave persistent and undesirable 
residues at harvest. Crops having seeds with a high oil content may 
concentrate these small amounts in the oil to as much as one-tenth of 
the original content in the soil. Forage and fodder carrying residues,
Q
even in parts per billion (parts per 10 ), may represent a danger when 
fed to livestock, in which the chemical reappear concentrated in body 
and milk fats (Duggan, 1968).
Finlayson and MacCarthy (1973), showed that pesticide residues 
can and do occur in crops grown in soil treated one to ten years 
previously because of the soil retaining residues. Table 1 summarizes 
their findings.
Table 1. Pesticides in Soil and Movement into Plants^-
Crop periods
Pesticide (Kg/ha) after final 
application
Crop Residue Amounl
(ppm;
aldrin 28.0 5 cucumber deldrin 0.116
5.0x2 3 carrot aldrin/dieldrin 0.2
5.6 3 soybean aldrin/dieldrin 0.044
1.12x3 1 alfalfa dieldrin 0.015
22.4 3 pumpkin dieldrin 0.112
8.4 3 sugarbeet aldrin/dieldrin 0.03
chlordane 11.2 3 chlordane 0.12
DDT 15.0 3 DDT 0.5
16.8 3 DDE,p .p 1+ p .p 1-DDT 0.11
(old orchard 9 alfalfa DDE 0.017
to 1959) o .p '-DDT 0.030
p .p '-DDT 0.054
dieldrin 9.4 3 bean dieldrin 0.05
heptachlor 5.6 3 soybean hept/epoxide 0.038
22.4 3 pumpkin hept/epoxide 0.036
6.6 current rutabaga heptachlor 0.040
hept/epoxide .012
-chlordane 0.008
1.12 3 alfalfa hept/epoxide 0.111
28.0 10 carrot hept/epoxide 0.223
radish 0.130
cucumber 0.068
lindane 2.8 3 maize lindane 0.6
methanearsenate 9.0x4 current cottonseed arsenic 5.2
soybean 4.5
sorghum 3.3
corn 2.4
Table 1. (Continued)
Pesticide (Kg/ha)
Crop periods 
after final 
application
Crop Residue Amount
(ppm)
organochlorines several 1 sugarbeet
carrots
dieldrin 0.07
picloram 1.12 1 grass picloram 12.0
^Finlayson and MacCarthy - 1973
VO
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Fish can concentrate pesticide residues into their tissues 
directly from water, mainly through the gills. Cain (1965) showed that 
the concentration factors are nearly as great as for those for aquatic 
invertebrates. This indicates that direct uptake of pesticides from 
water is a more important route for the pesticides into the bodies of 
fish than feeding on invertebrates which contain these chemicals.
The amounts of residues in the bodies of fish are mainly 
important because fish are a major source of food for humans, other 
vertebrates including fish, and birds. There is evidence by Cope 
(1963) that the amounts in fish become even more concentrated in the 
bodies of higher vertebrates which feed on them, but much of this is 
still circumstantial, and more experimental work following the passage 
of residues through food chains is required to ascertain how serious 
this potential concentration of persistent insecticides may be.
Hickey et al. (1966) stated in their studies in Lake Michigan, 
that the amounts of persistent insecticides found in the bodies of 
fish are remarkably consistent, and it is usually possible to associate 
occasional larger amounts with nearby insecticide applications. How­
ever, Holden (1966) believes that there are clearly smaller residues 
in the tissues of marine fish than those from freshwater, and fish 
such as salmon, which migrate from fresh water to sea water, contain 
more pesticides than do other marine fish. Nevertheless, it is inter­
esting that among the little data available on residues of pesticides 
in seals and porpoises which feed on fish, there are considerably 
larger concentrations of residues in these animals than in fish (Holden 
and Marsden, 1967).
Residues of chlorinated hydrocarbon insecticides vary so much
11
in animal tissues because they reach the animal indirectly, usually 
when it eats insecticide-contaminated food, and unless the residues in 
the animal's food are strictly controlled, insecticides will be taken 
into the body tissues of the animal. Pesticides in the animal tissues 
must be an important source of residues in human body fat; Hayes et al. 
(1958) found that the body fat from people abstaining from eating meat 
contained about half as much DDT as fat from people in the general 
population.
It is easier to control and limit the residues of insecticides 
in vegetables and other plants used as food and feed than in animals, 
because most of the larger amounts of residues in plant tissues are 
derived from foliar sprays applied sometime before harvesting. If the 
timing of such sprays is carefully controlled, residues in the plant 
tissues can be minimized. Nevertheless, it is very difficult to 
produce crops that contain no insecticide residues without serious 
yield losses due to pests. In the United States there are governmental 
tolerances set for the permissible amounts of residues for each crop 
and insecticide; these may vary from zero to several parts per million. 
Based on such tolerance limits, and experimental evidence on accumula­
tion in human beings, FAO/WHO have agreed on recommended acceptable 
daily intakes of pesticides, such calculations involve a considerable 
safety factor (WHO, 1968).
FACTORS INFLUENCING RESIDUES
The factors influencing the use of pesticides, and hence the 
presence of residues, may be artificial or natural.
In the artificial factor, simple economics is the chief factor.
12
The rewardable effects of pesticides and chemical fertilizers on the 
production of food and fiber for certain crops was compiled by Crafts 
(1970) and are presented in Table 2.
Collingwood (1965) was aware that the demand for food continu­
ously increases, but there were no new lands to colonize and cities 
everywhere spread themselves over the best acreage; thus, more food 
must come from the same or shrinking areas, or marginal land.
Since the movement of pesticides into plants begins with 
penetration of the root or leaf, formulation and methods of application 
greatly influence residues in food plants (Ridgway et al., 1965;
Dorough and Randolph, 1967). Once the pesticide has been applied, the 
site of the deposit on the plant is another factor influencing residues.
Natural factors are more subtle in their effect on residues in 
plants. They include the plants, soil, weather, penetration, absorp­
tion, translocation and diffusion.
Edwards (1969) explained that pesticides available to the plants 
in the soil may be from an application made immediately before plant­
ing or from deposits in previous years which have left a residue in 
the soil. Figure 1 presents a diagrammatic illustration of the fate 
of a pesticide deposit.
Edwards (1969) explained that the residue may be a parent 
pesticide (P), metabolites or degradation products (M), or both. From 
application to harvest, the absorbed pesticide is subjected to further 
degradation and metabolism. Harvest is the first point (Tj) for 
enforcement of residue tolerances. After harvest, various treatments 
of the crops may follow, such as drying, ensilaging, and chilling.
During this period, further metabolism or degradation often reduces
13
Table 2. Increase in Yield of Various 
During 30 years Period
Crops
Crop 1938 1968 30 Years % Gain
Barley, bu/A 24.2 43.7 80.5
Corn, bu/A 27.7 78.5 183.4
Cotton, lbs/A 235.8 511.0 116.7
Potatoes, cwt/A 74.4 213.0 186.3
Rice, cwt/A 21.9 44.7 104.1
Sorghum, bu/A 14.3 52.9 269.9
Soybeans, bu/A 20.4 26.6 30.4
Wheat, bu/A 13.3 28.4 116.5
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Figure 1. Diagrammatic Illustration of the Fate of a Pesticide Deposit
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residues to negligible amounts. However, in fodder crops the prepara­
tion of hay may concentrate residues simply by removal of water.
Edible portions of plants are usually processed in minimal time from 
harvest. Processing includes such treatments as canning or freezing, 
during which residues are often reduced or eliminated. The processed 
product offers the second point (T2 ) for enforcement of residue 
tolerances. Several countries take advantage of both points (T^) and 
(T2 ), by taking random samples of fresh and processed foods from 
food markets. The residues in these samples indicate the amount and 
nature of the residues that populations are consuming in their daily 
diet. Storage or cooking of processed food may further lower any 
residues to the terminal level.
Much research is conducted annually to determine the efficacy 
of pesticides in crops and the resultant residues at harvest. Although 
processes such as extracting sugars from beets or oil from seeds, may 
and often do remove the residue from the plant portion consumed by 
humans, the fraction remaining of the beet pulp, mint hay, peanut hay 
or citrus peel, is often fed to livestock. This fraction sometimes 
contains undesirable residues.
HAZARDS FROM PESTICIDE RESIDUES
In spite of over 30 years of worldwide experience with DDT, 
and upward of 20 with lindane, dieldrin, heptachlor and other 
cyclodiene organochlorine compounds, the hazards to man from these 
common residues are still not completely understood (Wolman and 
Wilson, 1970).
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Useful information on the effects of pesticides on man may be 
obtained from use experience data, accidental poisoning cases, and 
human volunteer studies. Indirect data which can be extrapolated to 
apply to man with varying success can be obtained from studies with 
laboratory animals. However, the general population, exposed to 
small quantities of these chemicals as to residues in the diet or 
elsewhere in the environment, represents by far the largest group for 
study. One of the major problems in studies of this sort is to 
determine the exposure and absorption levels (Corneliussen, 1969).
Burdick et al. (1964), described the effects of organochlorine 
insecticides on fish and reported lowered resistance to disease and 
feeding rates below normal. Cope (1963) and Burdick et al. (1964) 
described degeneration of reproduction. Other effects have included 
thickening of the gill membranes, lack of osmoregulation, lower 
blood counts, brain damage, and reduced body weights (Johnson, 1968).
Bernard and Gaertner (1963) found indications that mice may 
produce fewer young when fed on a diet containing 200 to 300 ppm of 
DDT.
Korschgen and Murphy (1967) studied Dieldrin in the diet of 
white-tailed deer, and found out that at the rate of 25 ppm, it 
decreased the reproduction rate of mature females.
In man, organochlorine insecticides and its metabolites ingested 
as small residues over a long period, may build up to surprising levels. 
Irrefutable evidence of damage to humans, caused by residues of DDT 
picked up from commercial foods, appears to be lacking. However, there 
are clear indications that DDT will pass the placental barrier and 
appear in new born children (Wassermann et al., 1967).
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Hunter (1968) calculated what he considered to be the maximum 
allowable concentrations of chlorinated hydrocarbon insecticides in 
human tissues. There is no evidence that present levels of chlorinated 
hydrocarbon insecticide residues in human tissues have caused any 
ill-effects to people that carry them in their tissues, although it 
may be too early to assess the long-term effects. It has been shown 
by Hayes (1966) that these chemicals can be transferred from the mother 
to the fetus in mammals including man, so that babies may be born with 
some chlorinated hydrocarbon insecticides in their tissues.
The relative importance of the possible sources of insecticide 
residues in human tissues has not been fully evaluated. It seems 
likely that food is the most important source, particularly meat and 
dairy products, which usually contain the greatest amounts of insec­
ticide. Campbell et al. (1965) estimated that approximately 90% of the 
uptake of DDT into human beings could be accounted for by food intake, 
but Kraybill (1969) considered this a little high and stated that 85% 
comes from food, the remainder coming from air, water, aerosols, cos­
metics, and clothing.
Brown (1967) considered that chlorinated hydrocarbon insecti­
cide residues in potable water supplies were an important source of 
human contamination, but the amounts reported from drinking water 
hardly bear this out. Hayes (1966) estimated that the average amounts 
in drinking water taken in per day would be 0*046 micrograms per person, 
with a possible maximum of 2.0 micrograms.
There are three types of human exposure to pesticides. Acute 
exposure which is usually the result of accidental contamination by 
excessive amount of pesticides, chronic exposure which most frequently
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occurs in pesticide workers by virtue of their occupation, and inci­
dental exposure which is the consequence of the ubiquity of pesticides 
and their presence in trace amounts in air, water, food and dust 
(Davies, 1973).
E. M. Mrak (1969) compiled incidents of poisoning of people 
eating insecticide contaminated food. Table 3 presents the epidemic 
of poisoning reported from 1952 to 1969.
Many pesticides act by blocking one or more enzymes; an enzyme 
whose blockage is the cause of death may be called the target enzyme 
for a biocide. The most fully understood target enzyme is cholinesterase, 
which is present in the nervous system of all animals so far examined 
and it is the target for organophosphate and carbamate insecticides 
(O'Brien, 1965).
The chlorinated hydrocarbon compound which has been studied most 
carefully in regard to storage in men is DDT. In the general population 
of the United States, the average storage of DDT is about 5 ppm, and 
the concentration of all DDT-derived material, expressed as DDT, is 
about 12 ppm. Abstainers from meat and Eskimos store less DDT than 
the general population (Hayes et al., 1958).
Robinson (1969) has shown that dieldrin and lindane were also 
stored in people without occupational exposure.
A few cases suggest but do not prove that some people are 
hypersusceptible to organophosphorus insecticides. Another possible 
problem of hypersensitivity to pesticides relates to the blood 
dyscrasias. There has been some fear expressed that pesticides were 
causing an increase in blood dyscrasias. There has been some increase
Table 3. Epidemics of Poisoning by Pesticides Contaminated Food Reported in the
Literature between 1952-1969^
Kind of Accident Pesticide
Material
Contaminated
Number
of
Cases
Number
of
Deaths
Location
Spillage during transportation Endrin Flour 159 0 Wales
or storage Endrin Flour 3 0 Egypt
Endrin Flour 691 24 Qatar
Endrin Flour 183 2 S. Arabia
Dieldrin Food 2 1 0 Shipboard
Diazinon Doughnut mix 2 0 0 U.S.A.
Parathion Wheat 360 1 0 2 India
Parathion Barley 38 9 Malaya
Parathion Flour 2 0 0 8 Egypt
Parathion Flour 600 8 8 Colombia
Parathion Sugar 300 17 Mexico
Consumption of treated soil Hexachlorobenzene Seed grain >3,000 3-117 Turkey
Organic mercury Seed grain 34 4 W. Pakistan
Organic mercury Seed grain 324 35 Iraq
Organic mercury Seed grain 45 2 0 Guatemala
Improper application Toxaphene Collards 4 0 U.S.A.
Toxaphene Chard 3 0 U.S.A.
Miscellaneous Parathion Crops > 4 0 0 0 U.S.A.
■^E. M. Mrak (Chairman), Report of the Secretary's Commission on Pesticides and their Relationship to 
Environmental Health, Part II, 311, U.S. Department of Health, Education, and Welfare (1969).
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in the incidence of Hodgkin's disease and a striking increase in 
leukemia and a leukemia (Durham, 1965).
Street (1965) illustrated the possible distribution pathways 
of a pesticide ingested as residue on food. Figure 2 presents his 
illustration.
B. PESTICIDES IN SUGARCANE AND SUGAR PRODUCTS 
Sugarcane - Planting to Harvesting
Modern sugarcane varieties are monocotyledonous hybrids con­
sisting of four original genetic parents: Saccharum robustum. S_. 
officinarum. S_. sinense. and S_. spontaneum. The plant is unique among 
food crops in that it is a perennial grass, and that it stores sucrose 
in large quantities in the vegetative plant stem. Most of the sucrose 
is stored in the hard "millable" stalk which first appears at the 
three to four months of age; sucrose concentration in the parenchyma 
tissue storage cells may be 20 percent or more. Harvesting of the 
millable stalks may occur from seven months to three or four years 
after planting, depending on latitude and local custom, but more areas 
of the world have an annual cropping of sugarcane grown one year or 
less. Sugarcane yield will vary from 20 to more than 150 tons of 
millable stalk per acre (48,000 to 360,000 kilos per hectare). An 
excellent review of the physiology and growth of the sugarcane plant 
has been published by Burr et al. (1957).
Sugarcane can be said to mature or "ripen" only in the sense 
that stalk moisture decreases with age from 83 percent maximum to 
about 70 percent minimum. Maximum sucrose yield from a given amount
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Figure 2. Schematic Representation of Possible Distribution Pathways 
for a Pesticide Ingested as Residue on Food.
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of sugarcane is associated with minimum stalk moisture, minimum nitro­
gen, and minimum reducing carbohydrates (D-glucose and D-fructose), 
all of which are also deleterious to factory processing. These effects 
are generally achieved by cultural practices such as timing of fertili­
zation, water and normal weather conditions and patterns.
In most fields, sugarcane is cut at the ground level, and a new 
"ratoon" crop emerges from the stool or stubble. The old root system 
dies and a new one emerges from the old. One, two, and occasionally 
more ratoon crops are grown from a single planting; diminishing yields 
require relatively frequent replanting for most economic return under 
intensive cropping.
Processing - Raw Sugar and Molasses
Some sugar factories are integrated directly with the field 
under centralized management, others are independent companies which 
purchase and process sugarcane from many individual growers. In 
either case, provisions exist for frequent weighing and sampling of 
sugarcane or of the extracted juice, residual fiber (bagasse), raw 
sugar, or molasses. Systems of payment and of factory control are 
based on these samples.
Raw sugar processing is shown in Figure 3. It is essentially 
a purification of sucrose involving clarification of the juice followed 
by repeated crystallization of the sucrose from concentrated liquors. 
Sugarcane stalks are shredded and ground with high pressure roller 
mills, with water added to extract up to 98 percent of the soluble 
carbohydrates, measured in "pol" units in a polariscope standardized 
against sucrose solutions. The juice with the "maceration" water
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Figure 3. Factory Processing of Sugarcane. Combined "A" and UB" 
raw sugar contains 90 tons of pol or sugar and 1.2 tons 
of impurities.
SUGARCANE (1,000 tons)
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contains about ten percent sucrose, and soluble non-sucrose impurities 
amounting to about 15 percent of the total soluble solids. This 
"mixed juice" is neutralized automatically and continuously with hy­
drated lime (calcium oxide) slurry to a pH which varies in different 
parts of the world from 6 . 8  to 8.0. It is then heated to boiling; 
the lime controls pH to prevent acid catalyzed hydrolysis (inversion) 
of the sucrose to D-glucose and D-fructose. Heat sterilizes the 
juice against microbial attack, and flocculates many soluble or 
colloidal constituents. This clarification process precipitates 
phosphates, silicates, and fatty acids as the calcium salts, coagulates 
most of the proteins and some of the polysaccharides, and removes many 
organic impurities such as fats and waxes by absorption on the colloids. 
The supernatant liquor is drawn off; filtration of the precipitated 
solids removes bits of fiber and soil particles in addition to the 
coagulant. The filter cake is discarded or used as a soil amendment.
Some areas outside the United States produce a substantially 
white sugar from this juice without further refining by adding sulfur 
dioxide (sulfination) or carbon dioxide (carbonation) to the limes sirup. 
Additional impurities and colored substances precipitated are filtered 
off. For refining sugar the following steps are required: 1) affina-
tion or defecation, 2 ) adsorption or crystallization, and 3 ) clarifi­
cation. Adsorption is generally carried out with activated bone 
charcoal.
The clarified juice is boilded under vaccum to a thick sirup of 
about 65 to 70 percent solids, and is crystallized under controlled 
conditions, after seeding with sucrose crystals, to produce uniform 
crystals with a minimum of trapped sirup. The mixture, known as
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"massecuite" is centrifuged to produce an "A" raw sugar and an "A" 
molasses. The sugar is 97 to 99+ percent sucrose but it is sold to 
the refinery on the basis of its 96° sugar equivalent. The "A" molasses 
is reboiled under vaccum, recrystalized, and centrifuged to a slightly 
less pure "B" strike and a "B" molasses. A "low-grade" sugar is 
similarly produced from the latter with the "final" or "blackstrap" 
molasses. The low-grade sugar is recycled with "A" and "B" massecuites; 
the total "A" and "B" raw sugar is shipped to a refinery for further 
processing.
Final molasses can be considered the "sink" of all the soluble, 
extractable impurities not removed in the processing, plus the products 
of heat and acid degradation of the simple carbohydrates. It is usually 
processed as a dark brown, viscous liquid of 70 to 90 percent solids, 
which may still contain 50 percent or more soluble carbohydrates-sucrose, 
D-glucose and D-fructose. The sucrose does not readily crystallize 
because of the high percentage of non-sucrose impurities and the high 
viscosity. The major components other than carbohydrates and their 
reaction products are potassium, calcium, and magnesium salts as chlorides 
and sulfates; in addition there is an array of minor constituents such 
as cuticle wax, sugarcane fats and sterols, plant phenolics, poly­
saccharides, aconitic acid (the principal organic acid produced in sugar­
cane), plant pigments, amino acids and proteins, inorganic ions such 
as sodium ions, iron, aluminum, and silicon compounds, and trace elements 
(Binkley and Wolfrom, 1953).
As a general observation, molasses consists mainly of water 
soluble nonionic substances (carbohydrates) and water soluble metal
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chlorides and sulfates (mainly potassium). Nitrate is absent (as also 
in sugarcane), ammonium ion is probably absent, and the constituents 
are non-volatile, except for a minor amount of volatiles which are 
produced by heat or chemical reaction after processing. Molasses has 
been used as fertilizer, but its principal worldwide uses are for the 
preparation of fermentation alcohol, or as a carbohydrate source for 
animal feeds.
As figure 3 shows, 1,000 tons of sugarcane results in the ulti­
mate formation of about 30 tons of molasses. If it is assumed that 
a minor component in sugarcane, such as a pesticide, survives intact 
and without loss through the extraction and processing into the final 
molasses, a 30- to 33-fold concentration is theoretically possible.
Such concentration effects have not been observed. Cane leaves and 
tops are burned where permitted, or otherwise removed, extraction is 
rarely complete (especially of insoluble compounds), the liming pro­
cess removes many minor components, especially those that are organic 
solvent soluble or organic acids whose calcium salts are insoluble.
The heating and vacuum distillation of water would remove unstable or 
volatile compounds. Nevertheless, it has been necessary to investigate 
the potential risk of residue concentration into molasses. Sugarcane 
fiber or bagasse has been used as mill fuel, or as particle board and 
paper fiber.
Refining
Raw sugar is first mingled with warm sirup to soften the molasses 
film. The resulting magma is then centrifuged to remove the sirup. 
Following this, the sugar in the centrifuge is washed with water. It
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is then "melted" or dissolved with heat in a minimum of water, filtered 
through kieselguhr, then decolorized with charcoal to a nearly color­
less liquid. This decolorized liquor is then conentrated and crystal­
lized in repeated boilings to give refined white sugars and finally 
darker remelt sugars which must be returned to the decolorizing process. 
These are colored as a result of the concentration of coloring matter 
left after the charcoal treatment and the development of'color during 
the boiling process. Some specially refined sugars are boiled from 
colored sirups to give the "soft" or brown sugars of commerce.
The final sirup from the crystallization process is refinery 
molasses from which sugar can not be crystallized by the normal boiling 
process. Charcoal which contains the color and much of the soluble 
non-sugar of the initial raw sugar, are re-activated by washing and 
retorting. Careful control of color and of insoluble impurities is 
vital because of the many uses of sugars or sugar sirups where color 
or flocculent solids would be undesirable. The major sources of color 
are (1 ) colorants extracted from the sugarcane, (2 ) colorants result­
ing from the heat degradation of sugars and other organic constituents, 
(3) color resulting from the interaction of reducing sugars and pro- 
teinaceous materials, and color resulting from the reaction of iron and 
phenolic compounds.
The sugar is sold as a crystalline white, liquid in water, 
powdered, or brown. Most packaging of solid sugars is in sealed paper 
bags or cartons. No preservatives are needed or added although special 
sanitary procedures are employed to protect perishable liquid sugars. 
Powdered sugar contains a small quantity of cornstarch to aid flow 
properties.
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For each 1,000 tons of 96° Bx equivalent raw sugar entering the 
refinery, about 935 tons of refined sugar of 99.95 percent purity will 
be produced, the remainder, except for impurities removed in the pro­
cess and process losses, will become refinery molasses. If the refinery 
produces brown sugar or sirups, the amounts of refined sugar and 
molasses will be reduced accordingly.
Sampling for Analysis
Sampling of sugar, molasses, and sugarcane juice is relatively 
simple and is often automatic for factory control or for payment. The 
literature on sampling sugarcane is voluminous; none of it pertains to 
pesticides directly, but may be consulted for general treatment 
(Arceneaux, 1938; Martinez, 1956; Van Der Pol and Young, 1958). Raw 
sugar, refined sugar, and molasses are sampled continuously and auto­
matically at the factory or shipping terminal for determination of 
sucrose content, color, ash and other variables. These samples are 
generally readily available at terminal points and at the official 
analytical laboratories.
Since pesticides residue analysis is often carried out for 
data to support federal registration of new compounds, it is desirable 
to obtain samples of molasses, for any concentration effects and also 
of the raw sugar. Laboratory processing of juice from small experi- 
nental plots is extremely difficult and dubious because molasses is 
a composite of several crystallization and recycling operations 
(Hilton, 1966).
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Insecticides
The use of insecticides in sugarcane is particularly common.
The major pests for which chemical control is practiced is the sugar­
cane borer Diatraea saccharails (F.), common to the Americas, leaf- 
feeding insects such as froghoppers and aphids, and root-eating insects 
such as grubs of the beetle Anomala orientalis. and Lepidiota frenchi 
Blkb.
Various aspects of chemical control of insect pests of sugar­
cane have been reviewed (Long et al., 1959; Mathes et al., 1956 and 
1962). Almost no data on residue determinations of insecticides in 
sugarcane or sugar products have been published.
Among the insecticides that have been used for D. saccharalis 
control, Endrin (1, 2, 3, 4, 10, 10-hexachloro-6, 7-epoxy-l, 4, 4a,
5, 6 , 7, 8 , 8 a-octahydro-endo, endo-1, 4, 5, 8 ,-dimethanonaphthalene) 
was used for many years until 1964, when its use was discontinued 
because of its long residual and persistance effect in the soil. The 
active rate was about 14 lbs/acre of a two-percent granular product.
The insecticide azinphosmethyl (0-0~dimethyl S-3(mercaptomethyl)- 
1, 2, 3,-benzotriazin-4-(3H)-one) is now currently used for control of 
the sugarcane borer in Louisiana and many areas of the world.
The molecular formula of azinphosmethyl is as follows:
CH3 O 
CH3 O
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Azinphosmethyl is very sparingly soluble in water, soluble in 
methanol, ethanol, propylene glycol, xylene and other organic solvents. 
The compound readily hydrolyzes in acid or cold alkali, and is unstable 
at temperatures above 200 degrees F.
No residue research in sugarcane had been performed previously 
in Louisiana with this insecticide except for the work of Mobay 
(Chemagro) in 1966 and 1967 which was necessary to obtain registration 
for use on sugarcane.
MATERIALS AND METHODS
In order to study the degradation of azinphosmethyl in sugar­
cane juice, sirup, molasses, raw sugar, and refined sugar during 
processing, it was necessary to (1 ) develop a practical, quick, and 
reliable method for the analysis of azinphosmethyl, and (2 ) to use 
this procedure for analyzing the azinphosmethyl residues in raw sugar 
samples, and finally (3) to determine the mechanisms involved in the 
degradation of azinphosmethyl in the products mentioned above.
The need for the degradation research was established after 
analyzing samples collected during the 1976 season.
A. PRELIMINARY STUDIES - 1976 SEASON
The samples of raw sugar (1976 season) were supplied by Dr. 
Luis Vidaurreta, Chemistry Department, Louisiana State University, 
and the refined sugar was obtained from a local supermarket. Analyses 
were performed to determine the approximate level of azinphosmethyl 
in the raw and refined sugar.
Using 60 ml of distilled water the saturation point of the 
sugar was initially determined, and found to be 41 grams. The volume 
cf the sugar solution was increased from 60 ml to 85 ml, which gave a 
25 ml gain when the sugar was diluted. Therefore, it was decided to 
use 25 g samples and to dilute them in 50 ml of water.
In order to determine the proper method of extraction of the
insecticide the following 25 g samples were extracted first:
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A. Raw sugar fortified with 2 ppm of azinphosmethyl
B. Refined sugar fortified with 2 ppm of azinphosmethyl
C. Raw sugar
D. Refined sugar
E. Reagent blank
Extraction of the Insecticide Residues
Extraction of the insecticide residues was performed as shown 
in Figure 4.
A 25 g sample of the sugar was diluted for two minutes in 50 
ml of distilled water. The dissolved sugar sample was put into a 
125-ml separatory funnel and 30 ml of benzene were added. The contents 
were vigorously shaken for one minute to insure transfer of the insecti­
cide residues from the sugar-water layer to the benzene layer. Benzene 
layers were dried with Na2 S0 ^ and collected in a beaker.
The aqueous layer was extracted three times, each time with 
30 ml of benzene as explained above. After the third extraction, the 
aqueous layer was discarded. Benzene collections were later evaporated 
to about 5 ml using a water bath at 39° C. The samples were put into 
a test tube, corked and placed in the refrigerator until ready for 
clean up.
Preparation of the Column
A glass column 60 cm long, with an inside diameter of 2,5 cm 
and a teflon stopcock was used in cleaning the sample. The diagram 
of a packed column used for cleaning the samples is shown in Figure 5.
No florisil was used since it does not elute azinphosmethyl, therefore, 
activated charcoal was used instead (Storher's Adsorbent Mixture) as
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Figure 4. Flow Diagram for the E-Ktraction of the Insecticide Residues
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Figure 5. Diagram of a packed Column used for 
Cleaning the Samples
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explained in the Pesticide Analytical Manual, Volume 1, 1972. A 
vacuum pump was used to pack the column.
The bottom of the column was filled with 1 g of acid-washed 
Celite 545* with the aid of the vacuum pump, and tamped with a cork 
attached to a wire. Fourteen grams of Storher's adsorbent mixture 
were then put in the column, and it was covered with one inch Selenide 
glass wood.
Cleaning the Sample
The packed column was washed with 100 ml of eluting solution. 
The eluting soluting was prepared by mixing one part of acetonitrile 
to one part of benzene. Care was taken to always keep the column wet. 
In the column used for the blank, 50 ml of benzene were run through 
the column. After the samples had passed through the column, the 
sides of the column were rinsed three times with benzene.
One hundred twenty milliliters of the eluting solution were 
then added to each column and the rate of drip was adjusted to 5 ml 
per minute. The samples were collected in a beaker and evaporated 
to almost dry. The beaker was rinsed with benzene three times and the 
rinses passed through Na2 S0 4  to remove moisture, placed in a test tube, 
corked and refrigerated until ready to inject in the gas chromatograph.
Gas-liquid Chromatography
Initial investigations on the separation, detection and estima­
tion of azinphosmethyl was carried out by using paper chromatographic 
techniques. These techniques were reviewed by McKinley (1963) who
*
To acid wash Celite 545 see Appendix.
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described a variety of solvent system and reagents for separation and 
detection of azinphosmethyl and related compounds.
The quantitative determination of azinphosmethyl has been the 
object of a number of studies. Cathode-ray polarographic methods were 
developed by Bates (1962) after removal of interfering substances 
using a magnesium oxide column, and by Nangniot (1964) using the intense 
peaks obtained to permit azinphosmethyl determinations at concentrations 
of less than one micromole in methanolic solutions.
Work on gas liquid chromatographic methods has been carried 
out in several laboratories. Gutenman and Lisk (1963) increased the 
GLC electron-capturing capability of the azinphosmethyl hydrolysis 
product, anthranilic acid, by bromination. Bostwick and Giuffida (1967) 
employed thermoionic detectors to show that azinphosmethyl could be 
eluted from a glass DC-200 silicone oil GLC column.
The insecticide residue analysis was performed with the analyti­
cal instruments presented in Table 4.
The operating conditions employed for the analysis are shown 
in Tables 5, 6 , and 7, respectively. The analytical standard was 
supplied by the Mobay (Chemagro) Company of Kansas City, Mo., and 
prepared in benzene at the following concentrations:
a) .1 Nanogram per microliter
b) 1.0 Nanogram per microliter
c) 10.0 Nanogram per microliter
Qualitation was performed by means of comparing retention time3 
of the standards to the unknown. Retention time was considered as the 
time elapsed between the injection and the zenith of the peaks as com­
pared with that of the known standard. Actual measurement of the areas
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Table 4. Instruments Used for Azinphosmethyl Analysis
Gas Chromatograph Detector
Perkin-Elmer Model 3920 Nitrogen-Phosphorus
Feed and Fertilizer Laboratory Thermoionic
Tracor MT 220
U.S.D.A. - Water Pollution Division
Electron Capture
Tracor MT 222
U.S.D.A. - Water Pollution Division
Flame Photometric
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Table 5. Operating Condition for Perkin-Elmer Chromatograph
Model 3920
Solid support 
Liquid Phase
Column length, shape 
Column diameter, OD 
Column diameter, ID 
Carrier gas 
Carrier gas pressure 
Carrier gas flow rate 
Operating temperature 
inlet 
column 
detector
Attenuation 
Detector 
Recorder 
Chart speed
Gas-Chrom Q 90-100 mesh
10% Dow Corning silicone 
Fluid DC 200
5.5 feet, coiled helix 
6 mm, glass
3.5 mm, glass 
Helium
90 psig 
60 mi./min.
220° C.
220° C.
no control on it
(Bead electrically heated)
1 x 8
Nitrogen Phosphorus Thermoionic 
Perkin-Elmer Model 56 
5 mm per minute
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Table 6 . Operating Conditions for Tracor MT 220
Chromosorb WHP 80-100 mesh 
3% 0. V. 1
Solid support 
Liquid phase 
Column length, shape 
Column diameter, CD 
Column diameter, ID 
Carrier gas 
Carrier gas pressure 
Carrier gas flow rate 
Operating temperature 
inlet 
column 
detector
Attenuation 
Detector 
Recorder 
Chart speed
6 feet, U shape 
6 mm, glass 
4 mm, glass 
Pre-purified nitrogen 
60 psig 
180 cc/min.
235° C 
228° C 
280° C 
102 x 64
electron capture 
Westronics Model LD 11B 
% inch per minute
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Table 7. Operating
Solid support 
liquid phase 
Column length, shape 
Column diameter, OD 
Column diameter, ID 
Carrier gas 
Carrier gas pressure 
Carrier gas flow rate 
Operating temperature 
inlet 
column 
detector
Attenuation
Detector
Recorder
Chart speed
Conditions for Tracor MT 222
Chromosorb WHP 80-100 mesh 
3% 0. V. 1 
6 feet U shape 
6 mm, glass 
4 mm, glass
Pre-purified dry nitrogen 
60 psig 
160 cc/min.
230° C.
215° C 
195° C 
1 0 3  x 16
Flame photometric detector
Hewlet Packer Model 330 A 
microprocessor, integrator and 
recorder
1 cm per minute
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was accomplished with the use of a ruler.
B. DEGRADATION STUDIES - 1977 SEASON
Azinphosmethyl residues in food products are reduced during 
processing. Gunther et al. (1963) have shown that 71-94 percent of 
the azinphosmethyl on orange rind is removed by normal washing pro­
cedures, and that no azinphosmethyl was detected in the pulp.
Adams (1960), studied that processing of grapes into juice 
also results in a reduction of azinphosmethyl residues. When whole 
grapes were fortified with azinphosmethyl at 5.0 ppm, the juice 
pressed at room temperature contained 2 . 6  ppm of azinphosmethyl.
Juice pressed from grapes subjected to heating contained only 1.71 
ppm of the pesticide.
In studies done by the Mobay (Chemagro) Company in 1966 and 
1967 on sugarcane, it was found that when sugarcane containing 
azinphosmethyl residues was processed there was no residue in the 
sugar, and that the bulk of the residue remained in the fibrous 
portion (bagasse). They also found traces of the insecticide in the 
juices but it was destroyed during the various operations required 
for preparation of the concentrated sirup.
After the proper method of analysis was established from the 
preliminary studies, the purpose of this part of the research was to 
study the presence of azinphosmethyl in sugarcane juice, sirup, 
molasses, raw and refined sugar and to determine its degradation during 
the processing.
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Samples
Samples of the 1977 season were collected in 8 ounces mason 
jars. Samples were collected five times and replicated four times (4 
blocks) during the 1977 season. The products were obtained from the 
Cinclare (C) Sugar Mill in Brusly, Louisiana, and the refined sugar 
was purchased from a local supermarket.
To simplify the recognition of each sample, the following code 
was used; for example C3 - 4
First letter (C) represents the Cinclare Sugar Mill
First sub-number (3) represents the third date the samples were 
collected
Last number (4) represents the product (Molasses)
Table 8  presents the sampling data at the Cinclare Sugar Mill.
Each day that the samples were collected, they were brought to the 
Department of Food Science in an ice chest with ice and placed immediately 
in the refrigerator until extraction. Insecticide extractions of the 
samples were performed the following morning. Raw sugar samples did 
not need refrigeration, therefore, they were kept in the laboratory 
and stored at room temperature.
Because of the preliminary work with samples of 1976, it was 
determined that the ideal sample size for the study would be 30 mis for 
cane juices, molasses, and sirup samples, and 30 g for raw and refined 
sugar samples.
Before the extraction for each sample began, the weight of each 
sample was determined initially so that quantitative analysis could 
also be performed. The average sample weight of each sample is presented 
in Table 9.
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Table 8 . Sampling Data - Cinclare Sugar Mill, 
Brusly, Louisiana 1977*
Code No.
O
Sample Sample Representation
1 First juice 1 hour operation
2 . Clarified juice 1 hour operation
3 Sirup 1 hour operation
4 Molasses 24 hours operation
5 Raw sugar 1 2 0 , 0 0 0  lbs
^Samples collected on 10/13, 10/19, 10/25, 11/9 and 11/17 
2
Randomized and replicated 4 times
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Table 9. Average Sample Weight Used for the Analysis 
of Azinphosmethyl Residue
Sample Weight Approximate to
1. First Juice 31.7g 32g
2. Clarified Juice 32.7g 33g
3. Sirup 36.7g 37g
4. Molasses 38.5g 39g
5. Raw Sugar 30. Og 30g
6 . Refined Sugar 30.Og 30g
Method of Insecticide Extraction
The basic method for extraction of the insecticide has been 
previously outlined in Figure 4. Few modifications were made depend­
ing on the nature of the sample. For example, in liquid samples such 
as juices, sirup and molasses, 30 mis were taken instead of 30 g.
No dilutions were made for the juices. The sugar samples were diluted 
with 50 mis of distilled water prior to the extraction. The sirup 
and molasses samples were diluted with 15 mis of distilled water to 
facilitate the extraction.
Clean Up
The samples were extracted as shown in Figure 4. No clean up 
was necessary, since the Flame Photometric Detector is specific for 
phosphorus containing compounds.
Gas-liquid Chromatography
The insecticide residue analysis were performed only on the 
GC Tracor 222 equipped with a FPD. The operational conditions employed 
for the analysis have previously been explained and were presented in 
Table 7.
The samples extracted were further concentrated in the test 
tubes from 5 to 1 ml using dry air. The air was dried using a drying 
tower with 4-20 mesh calcium chloride.
The samples were injected into the gas chromatograph in 5 ul 
injections. Two replications of each sample were performed. The 
residue was identified by means of the standards that were injected 
into the instrument before the unknown samples.
RESULTS AND DISCUSSION 
A. PRELIMINARY STUDIES - 1976 
Perkin-Elmer Chromatograph - Thermoionic Detector
Findings in the preliminary studies showed that the thermoionic 
detector was not sensitive enough to be used for this research. The 
eluting time for the standard or the sample to appear on the chart was 
between 30-35 minutes. The time involved in eluting the samples using 
this instrument for the investigation was going to be time consuming 
since a large number of samples were going to be analyzed in the degrada­
tion studies.
Figures 6 and 7 show the retention time for the azinphosmethyl 
standard injected at 3 and 5 ul of a 10.3 ul/ml solution. The response 
of a typical raw sugar sample fortified with 2 ppm is shown in Figure 8 .
Tracor MT 220 - Electron Capture Detector
The same samples were also injected into this chromatograph. 
Figure 9 shows the typical standard peak for the insecticide. Retention 
time was about 6 minutes. The samples were injected at 5 ul injections 
of 5 mis solutions. Table 10 summarizes the findings.
The results showed that the method for extraction and clean-up 
were sufficient enough to be used for the study. The electron capture 
detector responded efficiently to the samples injected. Figures 10,
11, 12 and 13 show typical chromatographs obtained for each sample.
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10 10 20 30
minutes
Figure 6 . Typical Gas Chromatogram of the Standard Using the Perkin-Elmer Instrument. 
Injection = 5 ul of 10.3 ul per ml
0Figure 7
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Typical Gas Chromatogram of the Standard Using the Perkin-Elmer Instrument. 
Injection = 3 ul of 10.3 ul per ml
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Figure 8 . Typical Gas Chromatogram of Raw Sugar Sample Fortified with 2 ppm. 
Injection = 5 ul of 5 ml solution, Perkin-Elmer Instrument.
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Figure 9. Typical Gas Chromatogram of the Standard
Using the Tracor MT 220.
Injection = 5 ul of 1.0 ng per ul
Table 10. Analysis of Samples Obtained with C.C. Tracor MT 220
and Electron Capture Detector*
Sample ppm % Recovery
A. Raw Sugar Fortified with 1.80 90
2 ppm of Azinphosmethyl 1.80 90
B. Refined Sugar Fortified with 
2 ppm of Azinphosmethyl 1.82 92
C. Raw Sugar 1976 Season Traces Traces
D. Refined Sugar from a local 
Supermarket 0 --
E. Reagent Blank 0 ---
*Represents Average of Two Replications
________ I________ I________I
0 3 6 9
minutes
Figure 10. Gas Chromatogram of Raw Sugar Sample
Fortified with 2 ppm. Tracor MT 220.
Injection = 5 ul of 5 ml solution
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Figure 11. Gas Chromatogram of Refined Sugar Sample
Fortified with 2 ppm. Tracor MT 220
Injection = 5 ul of 5 ml Solution
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Figure 12. Typical Gas Chromatogram of Raw Sugar Sample.
Tracor MT 220.
Injections = 5 ul of 5 ml Solution
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0 3 6
minutes
Figure 13. Typical Gas Chromatogram of Refined Sugar
Sample. Tracor MT 220
Injection = 5 ul of 5 ml Solution
56
To check the efficiency of the cleaning technique, samples with­
out cleaning were also injected. Peaks from these injections were not 
able to be determined, since it is known that electron capture detectors 
are very sensitive.
Therefore, when using electron capture detectors cleaning the 
sample is a very important step. The use of this detector for the study 
was going to require a considerable amount of time in cleaning samples 
to obtain sharp peaks. It was decided to try the samples in another 
detector.
Tracor MT 222 - Flame Photometric Detector
A more specific detector was studied in order to inject the 
samples with minimum cleaning. The use of such a detector would enable 
the study to include more sample analyses in less time and also avoid 
the burden of the time consuming cleaning procedure. Figure 14, shows 
the chromatogram of a typical azinphosmethyl standard with this 
instrument.
Even though this detector is less sensitive than electron 
capture, it is more specific for phosphorus compounds. Azinphosmethyl 
being an organophosphorus insecticide would now be detected with more 
specificity and with less cleaning of the samples. In fact, it was 
found that no clean up of the sample was necessary if this detector 
was used during the investigation.
The purpose of the preliminary studies was to determine a 
practical quick and reliable method for analysis of azinphosmethyl 
residues in raw and refined sugar. The best method for analysis was 
found to be with the GC Tracor 222 equipped with a Flame Photometric
 I
0  2
Figure 14
4 6 8 1 0
minutes
Typical Gas Chromatogram of the Standard Using 
the Tracor MT 222.
Injection = 2 ul of 1.0 ng per ul
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Detector. This detector was found to be more specific for this study 
than the electron capture detector or the thermoionic detector. No 
clean up of the samples was required using the FPD. It was also found 
that the method of extraction was 90% efficient and, therefore, it was 
selected for use in the degradation studies for the samples of the 
1977 season. Traces of the insecticide were found in raw sugar samples 
of the 1976 season. No residues were found in samples of refined sugar.
B. DEGRADATION STUDIES - 1977
The method developed in this study, was proven to be excellent
for analysis of azinphosmethyl in sugarcane produces. Besides the
accuracy of the method, it is fast and simple to perform. A large 
number of samples could be analyzed. The findings of this research 
are more or less in agreement with the Chemagro findings.
All data were subjected to an analysis of variance with sig­
nificance determined at the 0.05 and 0.01 levels of probability.
When the treatment effect was significant, treatment means were subjected 
to orthogonal comparison (Snedecor and Cochran 1967).
Tables 11-15 present the residues during the processing. Means 
not followed by the same letter are significantly different.
Even though, no analyses were done on bagasse, residues were 
detected in the first and clarified juices, except on the last date,
November 17 did not show residues at all.
Degradation of the residues occurred significantly (probability 
•40.05 and 4  0.01) as the processing continued toward the end. Traces 
of azinphosmethyl were found in the sirup sample collected on October 
13. No other residues were found on the other sirup samples. On the
Table 11. Azinphosmethyl Residues in ppb During the Sugarcane
Processing. Replication No. 1
Sample Cl c2
Dates
c3 c4 C5 Sum Mean*
10/13 10/19 10/25 11/9 11/17
1. First Juice 0.43 0.43 0.16 0 . 0 2 0 . 0 0 1.04 0 .2 1 a
2. Clarified Juice 0.08 0 . 0 2 Trace 0 . 0 0 0 . 0 0 0 . 1 0 0 .0 2 b
3. Sirup Trace 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
4. Molasses Trace Trace Trace 0 . 0 0 0 . 0 0 Trace Traceb
5. Raw Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
6 . Refined Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
*Means not followed by the same letter are significantly different.
Ln
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Table 12. Azinphosmethyl Residues in ppb During the Sugarcane
Processing. Replication No. 2
Sample Cl c2
Dates
c3 C4 c5 Sum Mean*
10/13 10/19 10/25 11/9 11/17
1. First Juice 0.50 0.50 0 . 2 0 0 . 0 2 0 . 0 0 1 . 2 2 0.24a
2. Clarified Juice 0 . 1 0 0 . 0 2 Trace 0 . 0 0 0 . 0 0 0 . 1 2 0 .0 2 b
3. Sirup Trace 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
4. Molasses Trace Trace Trace 0 . 0 0 0 . 0 0 Trace Traceb
5. Raw Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
6 . Refined Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
*Means not followed by the same letter are significantly different.
O '
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Table 13. Azinphosmethyl Residues in ppb During the Sugarcane
Processing. Replication No. 3
Dates
Sample C2 C3 C4  C5  Sum Mean*
10/13 10/19 10/25 11/9 11/17
1 . First Juice 0 . 2 0 0 . 1 0 0 . 2 0 0 . 0 2 Trace 0.52 0 .1 0 a
2 . Clarified Juice 0.06 0 . 0 0 Trace 0 . 0 0 0 . 0 0 0.06 0 .0 1 b
3. Sirup 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
4. Molasses Trace Trace Trace 0 . 0 0 0 . 0 0 Trace Traceb
5. Raw Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
6 . Refined Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
*Means not followed by the same letter are significantly different.
Table 14. Azinphosmethyl Residues in ppb During the Sugarcane
Processing. Replication No. 4
Sample C 1 c2
Dates
c3 C4 C5 Sum Mean*
10/13 10/19 10/25 11/9 11/17
1. First Juice 0 . 2 0 0 . 2 0 0.16 0 . 1 0 0 . 0 0 0 . 6 6 0.13a
2. Clarified Juice 0.04 0 . 0 2 Trace 0 . 0 0 0 . 0 0 0.06 0 .0 1 b
3. Sirup Trace 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
4. Molasses Trace Trace Trace 0 . 0 0 0 . 0 0 Trace Traceb
5. Raw Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
6 . Refined Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
*Means not followed by the same letter are significantly different.
O'
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Table 15. Azinphosmethyl Residues in ppb During the Sugarcane
Processing. Sum of Four Replications
Sample Cl c2
Dates
c3 c4 C5 Sum Mean*
10/13 10/19 __ 10/25 11/9 11/17
1. First Juice 1.33 1.23 0.72 0.16 0 . 0 0 3.44 0.69a
2. Clarified Juice 0.28 0.06 Trace 0 . 0 0 0 . 0 0 0.34 0.07b
3. Sirup 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
4. Molasses Trace Trace Trace 0 . 0 0 0 . 0 0 Trace Traceb
5. Raw Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
6 . Refined Sugar 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 b
*Means not followed by the same letter are significantly different.
O '
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first three dates of sample collection, traces were found in the molasses. 
No residues were found on the raw sugar sample.
Samples collected October 13 and 19 showed the higher residues 
in the first juice, but significantly, degradation occurred toward the 
end of the processing (probability ^  0.05).
From this work, it is evident that a considerable portion of 
the azinphosmethyl residue found in raw agricultural commodities does 
not survive the processing steps involved in transporting the foods to 
the market.
SUMMARY
A reproducible method for extraction of azinphosmethyl residues 
in sugarcane first juice, clarified juice, sirup, molasses, raw sugar 
and refined sugar was developed.
Three analytical instruments were used for identification and 
quantitation of the residue, but the GC Tracor MT 222 equipped with a 
Flame Photometric Detector gave the best reproducible results for each 
analysis. The FPD is specific for detecting sulphur and phosphorus 
compounds, therefore, no cleaning of the samples was required to be 
performed after the extraction.
Samples of raw sugar (1976 season) indicated the presence of 
azinphosmethyl in trace amounts. The benzene surface extraction for 
the insecticide developed in the early part of this investigation 
indicated it to be an excellent method for extraction. In raw and 
refined sugar samples fortified with 2 ppm of azinphosmethyl, a 90 
and 92 percent recovery was achieved with this method.
Degradation of azinphosmethyl during processing of sugarcane 
(1977) was also studied. Samples of first juice, clarified juice, 
sirup, molasses and raw sugar were collected every week with four 
replications (Blocks) during the season. Results of the analyses 
indicated that residues were present in the first juice, ranging 
from 0 to 0.50 ppm but as the process continued toward the clarifi­
cation of the juice those residues were significantly reduced to 0 . 0 2  
ppm, probability 0.05 and 0.01.
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High temperatures used in the later processing steps destroyed 
the pesticide. As the process ended, complete destruction occurred 
at the end (raw sugar). Trace amounts of the pesticide were detected 
in three molasses samples, indicating that the residues, if any, 
have a tendency to remain stable during preparation of the molasses. 
Large amounts of molasses are fed to livestock, and techniques to 
remove the residues should be developed. No concern needs to be given 
to the residues in the juices, because they are not consumed by 
humans.
Analysis of Variance for the randomized block design indicated 
significant differences in azinphosmethyl residues between the various 
steps of the sugarcane processing. Significant differences were found 
on samples collected on 10/13/77 and 10/19/77 proba’ ility 0.05.
Highly significant differences were found on samples collected on 
10/25/77 probability 0.01. When the Orthogonal comparisons were made, 
the results of the analysis indicated highly significant reduction of 
azinphosmethyl (probability 0 .0 1 ) from the first juice toward the 
end of the process.
Refined sugar obtained from a local supermarket did not contain 
any residues of azinphosmethyl. Therefore, it is apparent that his 
product does not pose a health hazard in sugar sold through retail 
outlets.
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INSTRUCTIONS
To Acid Wash CELITE 545
(1) Mix Celite 545 with Hydrochloric Acid (3 to 7 diluted 
with distilled water)
(2) Boil in Steam Bath for Two Hours
(3) Rinse with Distilled Water until Neutral (Use Methylene Red as 
Indicator)
(4) Rinse With Ethanol
(5) Rinse With Ethyl Ether
(6 ) Rinse With Petroleum Ether
(7) Let it Dry at Room Temperature on Aluminum Foil
(8 ) Save in a brown glass jar.
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Table I
Analysis of Variance of Azinphosmethyl Residues in 
Sugarcane During Processing 
Samples Collected 10/13/77
Source of 
Variation d.f. SS MS F
Block 3 0.08 0.03 3.0
Treatment 5 0 . 0 2 0.04 4.0*
1, 2 vs. 3, 4, 5, 6 a 1 .24
CM• 24.0**
1 vs 2 1 1.38 1.38 138.0**
Error 15 0.14 0 . 0 1
Total 23 0.42
a. Multipliers for linear comparison obtained from Snedecor and 
Cochran (1967).
* P <  0.05
** P < 0 . 0 1
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Table II
Analysis of Variance of Azinphosmethyl Residues in 
Sugarcane During Processing 
Samples Collected 10/19/77
Source of 
Variation d.f. SS MS F
Block 3 0.06 0 . 0 2 2 . 0
Treatment 5 0.18 0.04 4.0*
1, 2 vs. 3, 4, 5, 6 a 1 0.15 0.15 15.0**
1 vs. 2 1 0.17 0.17 17.0**
Error 15 0.18 0 . 0 1
Total 23 0.42
a. Multipliers for linear comparison obtained from Snedecor and
Cochran (1967) 
* P4, 0.05 
** P 4. 0.01
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Table III
Analysis of Variance of Azinphosmethyl Residues in 
Sugarcane During Processing 
Samples Collected 10/25/77
Source of 
Variation d.f. SS MS F
Block 3 0 . 0 2 0.007 0.5
Treatment 5 0.07 0.014 7.0**
1 vs 2, 3, 4, 5, 6 a 1 0.32 0.32 16.0**
Error 15 0.03 0 . 0 0 2
Total 23 0 . 1 2
a. Multipliers for linear comparison obtained from Snedecor and 
Cochran (1967).
** P < 0 . 0 1
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